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RECENT STUDY ON PLANT-SOIL INTERACTIONS IN CHINA - PART I 
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China: The case of Rhus typhina L. and the new ofﬁcially released weed 
risk assessment system 
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Abstract 
China has conducted many ecological restoration projects to alleviate environmental degradation, with numerous alien 
species having good adaptability widely used for fast effect. However, unsuitable plant selection may bring negative impacts 
and even cause biological invasion. Weed risk assessment (WRA) is therefore indispensable, yet it is often contentious 
especially concerning those species that has been widely utilized before weedy attributes were noted. In this paper, we take 
Rhus typhina L. as an example to illustrate how scientiﬁc researches and social factors can inﬂuence the evaluation of alien 
species and cause challenge to WRA. The evaluation of this species is not only a pure scientiﬁc issue but also inﬂuenced by 
many factors such as the introduction history, current utilization status in afforestation, and divergent underlying values 
varying through persons and sectors. These factors determined the kind of data to be assessed, which lead to different 
evaluations, therefore, causing challenge to its WRA. We further examined newly ofﬁcially released WRA system in China from 
the invasion biology viewpoint, arguing that it had some major ﬂaws in design and validation and need much improvement. 
Considering the human dimension and biological characters together, we suggest that the “black list” and “green list” 
approaches with rigorous expert assessment should be adopted simultaneously in alien species management in China. 
Keywords: Challenge, China, invasive species, weed risk assessment, Rhus typhina L 
Introduction important issue is the utilization of some alien species 
in afforestation for fast effect due to their good 
Afforestation has been considered as one of the main adaptability to harsh site conditions (Wang et al. 
methods to restore the degraded ecosystem in China 2012b). While these alien species could increase 
and worldwide (Stanturf & Madsen 2002; Zhang et al. vegetation cover signiﬁcantly, they may bring some 
2002; Spanjol et al. 2009), especially in those bare negative effects. For instance, in the Loess Plateau, 
lands or wind–water erosion regions (Wang et al. China, afforestation with introduced species such as 
2012a). However, the afforestation practice often alfalfa (Caragana korshinskii L.) or korshinsk peash­
simply transformed the degraded sites, even many rub (Medicago sativa kom.) has adversely affected 
natural forests, into plantations, which decreased the physical properties of the soil (Wang et al. 2012b). 
forest complexity and biodiversity (Magnussen et al. The high cover of dry exotic litter has also reduced the 
2007; Ciancio & Nocentini 2011). Another more amount of bryophyte and lichen cover on sand dunes 
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in Sardinia, Italy (Zedda et al. 2010). More serious 
problem bundle with using alien species is the risk of 
biological invasion. Good adaptability of some alien 
species in harsh environment may also make them 
grow or spread aggressively, thereby becoming 
invasive, causing apparent damage or pose potential 
threats to species, ecosystems, or economy (Inter­
national Union for the Conservation of Nature 
[IUCN] 1999; McNeely et al. 2001). Therefore, 
while biodiversity conservation and management of 
the natural or the existing old-growth forests having 
been paid high attention (Liira & Kohv 2010; Horvath 
et al. 2012; Kalajnxhiu et al. 2012; Keenan & Read 
2012; Minissale & Sciandrello 2013; Palombo et al. 
2013), more care is needed in plant selection when 
afforesting for ecological restoration. Weed risk 
assessment (WRA) is therefore indispensable to 
eliminate the possible negative impact. 
However, it is often contentious when assessing 
the weed risk of a speciﬁc species, for many plants 
with invasive characters are regarded as useful or 
desirable by at least some sectors of the community 
(Roberts et al. 2011). Such a problem becomes more 
complicated when concerning those species that have 
been widely utilized before their weedy attributes 
were noted. The assessment of Rhus typhina L. 
(staghorn sumac) in China is a good example. This 
North American native plant has been utilized widely 
in afforestation since its introduction in China (Pan 
& You  1994). However, it was queried for its 
invasiveness in the past decade, thereby evoking wide 
debate on its weed risk (Wang et al. 2008). How to 
evaluate and manage this kind of species is still 
puzzling the managers and the nonspecialist public. 
Different perceptions on a speciﬁc alien species 
were due to not only various viewpoints on its 
ecological impacts but also inﬂuenced by social 
factors, as the cases of Australian acacias (Carruthers 
et al. 2011; Kull et al. 2011; Low  2012) and buffel 
grass (Friedel et al. 2011; Marshall et al. 2011). 
However, though sharp disagreements were displayed 
on many alien spices in China (Pan et al. 2006; Wang 
et al. 2006), most researches have mainly focused on 
their ecological impacts. Studies were seldom 
conducted with scientiﬁc and social factors con­
sidered together to analyze why the disagreements 
last. Here, we take R. typhina as an example to 
exemplify how scientiﬁc researches and social factors 
can inﬂuence the evaluation of alien species and cause 
challenges to WRA in China. We summarized the 
evidence for and against R. typhina in the dispute with 
the relevant social factors examined as well, to analyze 
the reasons why the evaluations of this alien species 
are so different. Given the severe problem of 
biological invasion in China (Ding et al. 2008; Xu &  
Qiang 2011), we further examined the appropriate­
ness of the newly released WRA system by State 
Challenges of weed risk assessment in China 1167 
Forestry Administration of China. Based on the 
analysis, we proposed some recommendations on 
WRA and management of alien species in China. 
Considering that there are many alien species that are 
contentious as R. typhina, we think this study could 
beneﬁt to set up a helpful reference for alien species 
management in some countries like China. 
Utilization of and dispute on R. typhina in China 
Extension of R. typhina in China 
Rhus typhina is a large shrub or small tree native to 
the eastern USA and north Canada. It is widespread 
in its native range and thrives in various habitats, 
including old ﬁeld margins, roadsides, and fence 
rows (Uva et al. 1997). In 1959, this species was 
introduced to China by the Botanic Garden of 
Institute of Botany, Chinese Academy of Science. As 
it could grow vigorously without any cultivation help 
even under heavy drought when cultivated in the 
botanic garden, the introducer believed it could 
retain water and soil effectively and began to spread 
its seeds to many provinces of North China since 
1974 (Pan & You 1994). Through the afforestation 
practice in sterile mountainous areas, its fast-growing 
ability under environmental stresses was proved and 
afterwards recommended to a wide extension by 
botanists and departments of forestry or other organs 
of the government (e.g. Highway Management 
Bureau). In the following 30 years, the vigorous 
extension has ﬁnally helped R. typhina spreading into 
21 provinces in China (Figure 1). 
Evocation of the dispute 
The initial query on R. typhina emerged in 2002. 
When an article concerning the invasive plants in 
Beijing was published (Liu et al. 2002), Rhus typhina 
was listed as invasive. However, this information did 
not get wide attention in the next 2 years for lack 
of concrete exposition. Public awareness was not 
brought until a newspaper article was published in 
Science and Technology Daily (a mainstream news­
paper in China) on February 7, 2004 (Zheng 2004). 
In that paper, the reporter cautioned the potential 
invasion of R. typhina when this plant was chosen as 
one of the main afforestation species in Beijing 
Olympic construction, according to its ability to form 
dense thickets and the negative impact on plant 
diversity. Many newspapers reprinted this article and 
subsequently evoked wide discussion. Though the 
controversy has lasted for a decade, disagreements 
are still sharply displayed among researchers, 
administrators, and the public. On the one hand, 
many researchers listed R. typhina as invasive or 
urged caution (Zhang et al. 2004; Wang et al. 2008, 
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Figure 1. Distribution of R. typhina in China. Absent means no distribution or not documented of R. typhina in the province; present means 
distributed in only one district in a province; localized means distributed in two to ﬁve districts in a province; widespread means distributed in 
more than ﬁve districts in a province. Data from literatures searched in the electronic database of China National Knowledge Infrastructure 
and ISI Web of Science as well as the Internet. 
2011; Weber et al. 2008; Zhang et al. 2009). On the 
other hand, the species is still being advocated and 
used widely in many regions of north China. 
Dispute on R. typhina and the corresponding evidence 
As any species, native or nonnative, could have both 
positive and negative effects, different sections of 
the community may view the same species very 
differently (Carruthers et al. 2011; Roberts et al. 
2011). As for the case of R. typhina in China, 
advocators favored this species mainly based on its 
good ability to grow at, or “green”, the bare hills and 
harsh environment. They denied the weed risk of 
R. typhina according to the investigation in Beijing’s 
mountainous area, where the growth and spread 
were controlled by poor site conditions (Zhang et al. 
2005). As R. typhina is identiﬁed as shade intolerant 
in its native range (The PLANTS Database 2012), 
they thought this species could not become dominant 
even though it could invade the local arboreal 
community (Zhang et al. 2005; Chen et al. 2006). 
Furthermore, they deduced that R. typhina may 
promote tree seedling establishment through the 
suppression to shrub and herb based on some native 
tree seedlings (49 seedlings in 132 m2 with majority 
no more than 30 cm) emerged under R. typhina 
canopy (Zhang et al. 2005). Therefore, they argued 
that R. typhina did not threaten the natural or semi-
natural arboreal ecosystem and thereby was not 
invasive. Emphasized on the good adaptability to 
harsh environments, they insisted that R. typhina 
remains a good pioneer species in bare hills (Zhang 
et al. 2005; Chen et al. 2006; Sun 2008; Du  2010). 
From another side, some researchers were 
worried of the utilization of R. typhina in afforesta­
tion, chieﬂy for its aggressive growth strategy and 
high-growth plasticity, high reproduction/spreading 
rate, and the suppression to other species (Zhang 
et al. 2004, 2009; Wang et al. 2008; Zhan et al. 
2011). As a clonal plant, its ramets had a growth 
strategy with lateral branch and leaf growing much 
faster than tree height, which beneﬁts its competition 
for sunlight resource. Prior transport of photosyn­
thetic products to the lateral roots also favored its 
spreading (Zhang et al. 2005). Though R. typhina 
has once been classed as shade intolerant, its high 
plasticity at using available light energy was newly 
proved (Zhang et al. 2009). Its seedlings could 
maintain high net photosynthetic and growth rate 
under full sunlight or moderately low light conditions 
(50% and 25% full sunlight), meanwhile have the 
ability to survive severely low light intensity 
environment (10% and 5% full sunlight), with 
biomass distribution pattern being unaffected by 
light levels (Zhang et al. 2009). Studies conducted in 
the Taihang Mountains also demonstrated its higher 
water use efﬁciency against some main native shrubs, 
such as Ziziphus jujuba var. spinosa and Vitex negundo 
var. heterophylla (Li et al. 2011a, 2011b). Therefore, 
the opponents considered that the physiological 
characters of R. typhina would make it have a 
potential advantage in competing for light, soil, and 
water with native species (Zhang et al. 2004, 2009). 
From the ﬁeld investigation aspect for veriﬁcation, 
they also documented some evidence. For instance, 
R. typhina individuals increased by 4.5- and 8.1-fold 
in 3 years in sterile and fertile environments of 
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Beijing’s mountainous area, respectively, with 
spreading distances both being more than 6 m within 
the same time span (Wang et al. 2008); meanwhile 
signiﬁcantly lower species richness, individual den­
sity, and diversity were noted in the R. typhina 
community than those of nearby native V. negundo 
var. heterophylla community (Wang et al. 2008). 
Similar community characters were found in the 
Taihang Mountains as well (Zhang 2005). As for its 
competition ability, it was found that R. typhina had 
competed Cotinus coggygria out in the mixed forest in 
20 years in Shandong province (Li et al. 2004), while 
another species, Platycladus orientalis, which was 
often used to build mixed forest with R. typhina, was 
heavily suppressed (Zhan et al. 2011). Based on the 
above-mentioned cases, these researchers urged 
caution of its utilization in afforestation or further 
classiﬁed R. typhina as invasive species in China. 
Evidence to support or query the utilization of 
R. typhina was persistently released by both sides; it 
seemed that consensus on the issue that R. typhina is 
invasive or not in China would not be reached in a short 
time. One reason was that different stakeholders had 
varied priorities when comparing the positive and 
negative impacts of this plant. The advocators were 
mainly from the forestry industry and they addressed 
more advantages of R. typhina in covering the bare 
land. When assessing the impacts to ecosystem, they 
just considered the inﬂuence to arbor community 
meantime neglecting, intentionally or not, the impacts 
on shrubs. On the contrary, those opponents were 
almost scientists majored in botany or ecology. They 
urged caution from the invasiveness and its impacts on 
biodiversity. Therefore, these different kinds of data 
assessed were the main reason for the dispute. Another 
reason, perhaps more important if only from the 
scientiﬁc aspect, is the relative short time span since R. 
typhina was introduced into China. Given the lag 
phases that may exceed 100 years between introduc­
tion and commencement of invasion (Kowarik 2003), 
the 40 years’ time span (since the wide dispersion of 
this species in China from 1974) may be insufﬁcient to 
judge the invasion status of R. typhina. While the 
advocators assessed R. typhina as not invasive mainly 
based on current status of some areas, opponents were 
worried of its utilization for its potential impact deduced 
from its physiological characters and some negative 
impacts observed. This dispute reﬂected the conﬂict­
ing philosophies of preventing potential negative impacts 
and utilizing current advantages to assess and manage 
this species. 
Relevant social factors inﬂuencing utilization 
and assessment 
The perception and management of an alien species 
could change over time with increasing deep research 
Challenges of weed risk assessment in China 1169 
(Starﬁnger et al. 2003). However, in the case of R. 
typhina, social factors played an important role as 
well in its extension and evocation of the dispute 
which inﬂuenced the WRA signiﬁcantly. 
Since 1978, as China reoriented its national 
ideology from political struggle to economic devel­
opment, alleviating environmental degradation has 
become more important on the central policy agenda 
(Guo 2002). A series of ecological rehabilitation 
projects were conducted covering more than half of 
the total terrestrial area of China (Zhang et al. 2002), 
including the Three-North Shelterbelt Program 
(started in 1978), the Taihang Mountain Afforesta­
tion Program (1987), the Coastal Shelterbelt Devel­
opment Program (1991), the National Program to 
Combat Desertiﬁcation (1991), and the Sloping 
Land Conversion Program (1999). These large-scale 
programs were designed with a common goal of 
safeguarding lands/resources and producing ecologi­
cal beneﬁts through watershed protection, erosion 
control, and afforestation (Xu et al. 2006). Though 
the implementation of these programs was coordi­
nated at the state level, concrete executions were 
eventually conducted by local governments with the 
state power in China becoming increasing decen­
tralized (Jiang 2006; Yeh  2009). For many local 
governmental ofﬁcials, the successful performance of 
these ecological rehabilitation programs was equiv­
alent to increased vegetation cover or making the 
bare areas look green and productive (Jiang 2006). 
Therefore, those programs were biased toward 
planting trees in their early phase (Xu et al. 2004). 
The survival rate and growth vigor had been the 
priority for selecting afforestation species. Therefore, 
it is easy to understand why R. typhina was perceived 
as so desirable and recommended so enthusiastically. 
In a sense, it was the rehabilitation projects that made 
R. typhina extended so widely. This coincidence 
could be noted when comparing the time and the 
area that R. typhina was wide dispersed with those of 
the ecological rehabilitation projects. 
Another special social background concerning 
the WRA on R. typhina was the Beijing Olympic 
construction. Though public attention to biological 
invasion was persistently increased with the boom of 
invasion biology in China (Wan et al. 2009), the 
query on R. typhina was not explicitly expressed until 
it was chosen as one of the main afforestation species 
in Beijing Olympic construction. The media article 
published in the newspaper undoubtedly had more 
inﬂuence on public attention than the research paper 
and soon got high attention from senior ofﬁcials. As a 
consequence, the clariﬁcation of the question was 
demanded ofﬁcially, which made the issue not only a 
scientiﬁc controversy but also with some political 
sense. This top-down attention further stimulated 
more interests in the problem. In a sense, compared 
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1170 G. M. Wang et al. 
with the increasing knowledge of the biological 
characters of R. typhina, the speciﬁc social back­
ground and the right medium that the point was 
proposed played a more signiﬁcant role at evoking 
this dispute. 
Additional possible reason, though never 
expressed directly, was the involving vested interests. 
Rhus typhina has become a popular species in nursery 
gardens for its wide utilization in afforestation and 
the high proﬁt with little cost. Searching the Chinese 
name of R. typhina using the Google search engineer, 
information of the seedling supply holds most of 
the matching results. Given the huge stock of the 
seedlings, the ﬁnal conclusion of the controversy is 
linked tightly with the grower’s economic interests. 
In addition, for its vigorous growth in harsh 
environment, Rhus typhina has a comparable 
advantage in afforestation for fast effect, which may 
make the executer, especially the forestry ofﬁcials, 
ignore the possible long-term effect. Therefore, the 
proﬁtable evidence for the use based on “current 
status” was persistently released, which lead the 
assessment to a more complicated situation. 
Considerations about human dimension in 
WRA 
The advocator and opponents of R. typhina, no  
matter their backgrounds, have mainly focused on its 
biological characters when conducting the weed 
assessment. However, the current utilization status, 
i.e., the human dimension in its spreading and 
extension, needs to be comprehensively considered. 
Invasions frequently result from interplay of biologi­
cal and anthropogenic mechanisms, and sometime 
the human agency may play a decisive role in this 
process (Kowarik 2003; Li et al. 2011a, 2011b). 
Secondary releases over long periods may mimic 
demographic and dispersal processes which lead to 
a range of expansions, as well as help those species 
whose propagules are not naturally moved long 
distances to overcome spatial isolation (Kowarik 
2003). From this aspect to consider, kudzu [Pueraria 
montana (Lour.) Merr.] is a good reference when 
assessing the weed risk of R. typhina. As a clonal vine 
introduced from East Asia, kudzu had been widely 
planted for various purposes in the ﬁrst half of the 
1900s in the USA (Forseth & Innis 2004). This 
repeated introduction helped kudzu overcome spatial 
isolation and facilitated its range expansion. Though 
millions of dollars were contributed to its control 
since its noxiousness was recognized in 1950s 
(Simberloff 2011), this species has covered more 
than 3 million ha and is still spreading at a rate of 
50,000 ha per year (Forseth & Innis 2004). For its 
invasive status in the USA and elsewhere, kudzu has 
been listed as one of the 100 world’s worst alien 
species (Lowe et al. 2004). Rhus typhina has 
experienced a similar course of extension in China 
as kudzu in the USA. Though mainly reproducing 
with vegetative manner, Rhus typhina has currently 
been widely dispersed with anthropogenic assistance, 
especially in the mountainous areas (Figure 1). 
Considering its aggressive growth strategy and the 
detected negative impacts (Li et al. 2004; Wang et al. 
2008), we could not prelude the possible severe 
problems if R. typhina is still widely planted. 
Therefore, we should not only focus on the biological 
characters but also need to think about the human 
dimensions when assessing the weed risk of this 
having long utilization tradition species. 
Certainly human harvest may prevent some 
species causing major problems, as the examples of 
kudzu in its native rang, East, and Southeast Asia (Li 
et al. 2011a, 2011b). However, it is very different 
when considering R. typhina. Even in its native area, 
Rhus typhina has been listed as weed for its aggressive 
spread and the suppression to some shade intolerant 
species (Uva et al. 1997). No massive harvest with 
economic purpose has happened in both its native 
range and introduced areas. Missing this possible 
control factor of invasion which acted in kudzu in its 
native range (Li et al. 2011a, 2011b), Rhus typhina 
could spread extensively with its aggressive growth 
strategy in natural or semi-natural areas. Actually, 
the control of R. typhina is rather complicated though 
the advocators thought it is just moderately difﬁcult. 
It is nearly impossible to eradicate R. typhina once 
the plant is established, unless all of the roots are dug 
out and taken away, because each root fragment can 
develop into a new individual. Cutting and ﬁre injury 
also encouraged its sprouting (Wu et al. 2007; Du  
2010). Though chemical control with 41% amiton 
may be effective when conducted in a plot 
experiment (Wu et al. 2007), the side effect to 
other species or the ecosystem is unclear if applied in 
a large scale. Considering this facet, ceasing its 
utilization in afforestation and ﬁnding an alternative 
native species may be a better choice. 
The newly released weed assessment system in 
China: Is it appropriate in practice? 
Due to the severe and fast-growing threats of invasive 
species, numerous studies have been performed 
attempting to assess the invasiveness of alien species 
or predict the invasion success with both theoretical 
and empirical methods (Arim et al. 2006; Bacchetta 
et al. 2010; Comin et al. 2011). Considerable WRA 
systems were therefore constructed in many 
countries based on invasion theory (e.g. Reichard & 
Hamilton 1997; Pheloung et al. 1999; Weber & Gut 
2004; Randall et al. 2008; Koop et al. 2012). Though 
the false positives or negatives of the WRA system 
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had been queried (Smith et al. 1999), the problem 
could be ameliorated with improving design, there­
fore, high-quality WRA systems could still play an 
important role when dealing with introduction and 
release of alien species (Koop et al. 2012). 
Though China has suffered heavily from biologi­
cal invasion, researches on WRA systems or protocol 
were seldom reported except the WRA system for 
woody plant constructed by Zhang and Zheng 
(2008). According to this system, the invasiveness, 
actual spread extent, and ecological impact of an 
exotic woody species were ﬁrstly classiﬁed into three 
ranks (high, moderate, and low) based on a series of 
multiple choice questions with corresponding scores. 
As for the three aspects for assessment, invasiveness 
is evaluated by reproduction, dispersal, and adap­
tation ability; actual dispersal extent is assessed by 
natural reproduction, invaded plant community 
types, and dispersal rate; ecological impact is 
identiﬁed by the inﬂuence on environmental factors, 
structure and function of plant community, local 
genetic integrality, and nutrition chain in the 
ecosystem. The invasion risk is then ranked to three 
levels as well as based on the comprehensive 
performance of the above-mentioned three aspects. 
The second stage is the assessment of the control 
difﬁculty with a questionnaire consisting of many 
indicators. In the end, three introduction strategies 
(prohibited, limited, and free) are recommended 
according to the consideration of both invasion risk 
class and control difﬁculty class. This WRA system 
had been adopted and released by the State Forestry 
Administration of China as forestry industry stan­
dard for invasion risk assessment of alien tree species 
to the natural ecosystem (State Forestry Adminis­
tration of China 2011). 
However, this WRA system needs to be discussed 
from the viewpoint of invasion biology. First, when a 
WRA system was designed and validated, accuracy 
test by a set of well-known invasive and non-invasive 
species is indispensable (Reichard & Hamilton 1997; 
Pheloung et al. 1999; Weber & Gut 2004; Randall 
et al. 2008; Koop et al. 2012). However, this WRA 
system only used three species as training data for its 
justiﬁcation, including common lantana (Lantana 
camara L.), yellow locust (Robinia pseudoacacia L.), 
and R. typhina. This insufﬁcient examination could 
test neither the true positive/negative nor false 
positive/negative, therefore, could not justify its 
credibility from a statistical view. Furthermore, the 
selection of R. typhina, which is still very contentious 
at its invasive risk in China, as noninvasive species 
according to their own viewpoint (Zhang et al. 2005) 
to  justify the  WRA system they developed, is  
improper. Second, for the alien species which had 
passed a life cycle at the introduced area, the WRA 
system just evaluated its actual dispersal extent 
Challenges of weed risk assessment in China 1171 
irrespective of the invasiveness. This reﬂected a 
“current status-based” design principle, neglecting 
the lag phases in biological invasion. In addition, 
the indicators the system adopted as well as the 
corresponding scores need reconsidering. Many 
well-performed WRA systems (e.g. Reichard & 
Hamilton 1997; Koop et al. 2012) used mathemat­
ical models to select the predicting indictors or 
evaluated against the opinions of several groups of 
expert during the development course. However, this 
process did not represent in the primary paper 
(Zhang & Zheng 2008), and no subsequent test or 
interpretation was reported before adopted by State 
Forestry Administration of China. Absence of the 
indispensable procedure made this WRA system 
some arbitrariness in indicator selection, scoring, 
and the classiﬁying of invasive risk. For example, 
“invasive elsewhere” has been proved as one of the 
most effective predictors for invasion risk of woody 
species (Pheloung et al. 1999; Herron et al. 2007; 
Koop et al. 2012). Regretfully, this important 
indicator was not considered in the assessment 
system. Therefore, the propriety of this WRA system 
with many ﬂaws in practice is questionable. We worry 
the WRA system may play a negative role as this 
system could let some potential invasive plant species 
pass the assessment and be introduced freely in the 
name of this guideline. The forestry industrial 
standard for invasion risk assessment of exotic tree 
species should not be built only by researchers within 
the forestry department. Its validation needs more 
rigorous assessment and close cooperation with 
experts from other institutions (Celesti-Grapow 
et al. 2009, 2010; Xu & Qiang 2011), especially 
when the drafter’s opinion for a given exotic species 
was so sharply contrary to many researchers. 
Discussion 
Many contentious invasive species are usually 
economically or commercially valuable while having 
some weedy attributes, which impact the perceptions 
of different stakeholders and cause disagreement in 
management (Kull et al. 2011; Marshall et al. 2011). 
When concerning those species that are mainly 
utilized for ecological restoration with little direct 
economic values, the ecological impacts should be the 
focus when conducting evaluation. It seems that the 
dispute on such species may be only a pure scientiﬁc 
issue just under ecological context. However, as the 
case of R. typhina as we demonstrated here, it is also 
inﬂuenced by many other factors such as the 
introduction history, current utilization status, and 
divergent underlying values varying through persons 
and sectors. These factors will determine the kind of 
data to be assessed, which lead to different 
evaluations. Therefore, the disagreement on a speciﬁc 
D
ow
nl
oa
de
d 
by
 [Y
an
tai
 In
sti
tut
e o
f C
oa
sta
l Z
on
e R
es
ea
rch
,C
hin
es
e A
ca
de
my
 of
 Sc
ien
ce
s] 
at 
01
:01
 19
 M
arc
h 2
01
4 
1172 G. M. Wang et al. 
alien species should be comprehensively analyzed 
with scientiﬁc and social factors considered simul­
taneously. Invasive species are deﬁned as the subset of 
alien species that cross a threshold for dispropor­
tionate negative impact to the ecosystem, and this 
deﬁnition in no way precludes an “invasive species” 
having some positive impacts (Russell 2012). The 
assessment should be conducted under a proper 
ecological context and based on a fully story, 
otherwise it may cause risk of sending distorted or 
mixed messages to managers (Rodewald 2012). To 
prevent or reduce the damages to ecosystems due to 
biological invasion, the WRA not only needs 
comprehensive knowledge of given alien species but 
also should preclude the inﬂuence of some invested 
interests. 
As for the WRA system newly released in China, 
it needs much improvement. For the purpose of 
scientiﬁc research, a WRA protocol could be 
proposed for discussion even if it is relatively 
immature. However, if ofﬁcially released as a 
national standard, it must pass sufﬁcient and more 
rigorous examination to justify its priority in practice, 
otherwise, it may play an opposite role. We therefore 
strongly suggest that the adoption of this question­
able WRA system be reconsidered carefully. Con­
sidering the huge damage caused by invasive species 
and the cost to deal with the problem, stricter WRA 
should be adapted as mistakes can take many 
decades to become obvious and are often irreversible 
(Iberite et al. 2011; Low  2012). A conservative 
policy, such as “guilty until proven innocent”, may be 
more effective in China and elsewhere (Reichard & 
Hamilton 1997; Mack et al. 2000; Simberloff 2003). 
The “black list” method and “green list” approach 
with rigorous expert assessment should be adopted 
simultaneously in the introduction and management 
of exotic species (Simberloff 2006; Schmutz 2011). 
Furthermore, some important developments in 
vegetation patterns research (e.g. Feoli 2012; 
Peterson & Soberon 2012) should be considered 
and applied in practice when assessing the spatio­
temporal impacts of a given alien species to the 
ecosystem, which may help offer more objective and 
accurate data for evaluation. The construction of a 
national vegetation database and primary biodiver­
sity data, which had raised high attention and 
made much progress in European countries and 
worldwide (Martellos et al. 2011; Basset & Los 2012; 
Holetschek et al. 2012; Landucci et al. 2012), should 
also be strengthened for public education and 
participation in invasive species management. 
Funding 
This study was jointly funded by the Natural Science 
Foundation of China [grant number 30900213], 
Project of National Science and Technology Pillar 
Program in “12th Five Year” period [grant number 
2011BAC02B01], the Beijing Special Finance 
Investment on the Construction of Public Education 
Platform for the Security of Environment and 
Ecosystem of the Capital [grant number 
20080178], Cooperative Project between the Chi­
nese Academy of Sciences (CAS) and Local 
Authorities [grant number Y12B011041], the CAS/ 
SAFEA International Partnership Program for 
Creative Research Teams, Yantai Science and 
Technology Development Project [grant number 
2010161], and Yantai Double-Hundred High-End 
Talent Plan [grant number XY-003-02]. 
References 
Arim M, Abades SR, Neill PE, Lima M, Marquet PA. 2006. 
Spread dynamics of invasive species. Proc Natl Acad Sci USA 
103: 374–378. 
Bacchetta G, Dettori CA, Mascia F, Meloni F, Podda L. 2010. 
Assessing the potential invasiveness of Cortaderia selloana in 
Sardinian wetlands through seed germination study. Plant 
Biosyst 144: 518–527. 
Basset A, Los W. 2012. Biodiversity e-science: Lifewatch, the 
European infrastructure on biodiversity and ecosystem 
research. Plant Biosyst 146: 780–782. 
Carruthers J, Robin L, Hattingh JP, Kull CA, Rangan H, Van 
Wligen BW. 2011. A native at home and abroad: The history, 
politics, ethics and aesthetics of Acacias. Divers Distrib 17: 
810–821. 
Celesti-Grapow L, Alessandrini A, Arrigoni PV, Assinid S, Banﬁe 
E, Barnif E, et al. 2010. Non-native ﬂora of Italy: Species 
distribution and threats. Plant Biosyst 144: 12–28. 
Celesti-Grapow L, Alessandrini A, Arrigoni PV, Banﬁd E, 
Bernardoe L, Boviof M, et al. 2009. Inventory of the non­
native ﬂora of Italy. Plant Biosyst 143: 386–430. 
Chen ZZ, Dong BH, Yang ZG. 2006. Investigation about 
Staghorn Sumac (Rhus typhina) in Beijing area. Forest Resour 
Manag 1: 54–58 (in Chinese with an English abstract). 
Ciancio OS, Nocentini S. 2011. Biodiversity	 conservation and 
systemic silviculture: Concepts and applications. Plant Biosyst 
145: 411–418. 
Comin S, Ganis P, Poldini L, Vidali M. 2011. A diachronic 
approach to assess alien plant invasion: The case study of Friuli 
Venezia Giulia (NE Italy). Plant Biosyst 145: 50–59. 
Ding J, Mack RN, Lu P, Ren M, Huang H. 2008. China’s booming 
economy is sparking and accelerating biological invasions. 
Bioscience 58: 317–324. 
Du ZX. 2010. Prediction of potential geographical distribution 
and invasion risk assessment to natural ecosystem of Rhus 
typhina [dissertation]. Shandong Agricultural University (in 
Chinese with an English abstract). 
Feoli E. 2012. Diversity patterns of vegetation systems from the 
perspective of similarity theory. Plant Biosyst 146: 797–804. 
Forseth IN, Innis AF. 2004. Kudzu (Pueraria montana): History, 
physiology, and ecology combine to make a major ecosystem 
threat. Crit Rev Plant Sci 23: 401–413. 
Friedel MH, Grice AC, Marshall NA, Van Klinken RD. 2011. 
Reducing contention amongst organisations dealing with 
commercially valuable but invasive plants: The case of buffel 
grass. Environ Sci Policy 14: 1205–1218. 
Guo	 P. 2002. Basic principles of ecological construction and 
environmental protection in China’s tenth ﬁve-year plan. 
D
ow
nl
oa
de
d 
by
 [Y
an
tai
 In
sti
tut
e o
f C
oa
sta
l Z
on
e R
es
ea
rch
,C
hin
es
e A
ca
de
my
 of
 Sc
ien
ce
s] 
at 
01
:01
 19
 M
arc
h 2
01
4 
Challenges of weed risk assessment in China 1173 
China Popul Resour Environ 12(10): 120–123 (in Chinese 
with an English abstract). 
Herron PM, Christopher T, Martine CT, Andrew M, Latimer 
AM, Leicht-Young SA. 2007. Invasive plants and their 
ecological strategies: Prediction and explanation of woody 
plant invasion in New England. Divers Distrib 13: 633–644. 
Holetschek J, Droge G, Guntsch A, Berendsohn WG. 2012. The 
ABCD of primary biodiversity data access. Plant Biosyst 146: 
771–779. 
Horvath F, Bidlo A, Heil B, Kiraly G, Kovacs G, Manyoki G, et al. 
2012. Abandonment status and long-term monitoring of strict 
forest reserves in the Pannonian biogeographical region. Plant 
Biosyst 146: 189–200. 
Iberite M, Iamonico D, Abati S, Abbate G. 2011. Lemna 
valdiviana Phil. (Araceae) as a potential invasive species in Italy 
and Europe: Taxonomic study and ﬁrst observations on its 
ecology and distribution. Plant Biosyst 145: 751–757. 
International Union for the Conservation of Nature (IUCN) 
1999. IUCN guidelines for the prevention of biodiversity loss 
due to biological invasion. Species 31–32: 28–42. 
Jiang H. 2006. Decentralization, ecological construction, and the 
environment in post-reform china: Case study from Uxin 
banner, Inner Mongolia. World Dev 34(11): 1907–1921. 
Kalajnxhiu A, Tsiripidis I, Bergmeier E. 2012. The diversity of 
woodland vegetation in Central Albania along an altitudinal 
gradient of 1300m. Plant Biosyst 146: 954–969. 
Keenan RJ, Read SM. 2012. Assessment and management of old-
growth forests in south eastern Australia. Plant Biosyst 146: 
214–222. 
Koop AL, Fowler L, Newton LP, Caton BP. 2012. Development 
and validation of a weed screening tool for the United States. 
Biol Invasions 14: 273–294. 
Kowarik I. 2003. Human Agency in biological invasions: 
Secondary releases foster naturalisation and population 
expansion of exotic plant species. Biol Invasions 5: 293–312. 
Kull CA, Shackleton CM, Cunningham P, Ducatillon C, Dufour-
Dror J-M, Esler KJ, et al. 2011. Adoption, use and perception 
of Australian acacias around the world. Divers Distrib 17: 
822–836. 
Landucci F, Acosta AR, Agrillo E, Attorrec F, Biondid E, 
Cambriac VE, et al. 2012. VegItaly: The Italian collaborative 
project for a national vegetation database. Plant Biosyst 146: 
756–763. 
Li CW, Pang ZR, Chen Y. 2004. Staghorn Sumac: A dangerous 
alien species. Soil Water Conserv China (2): 31, 38 (in Chinese 
with an English abstract). 
Li XJ, Zhang MR, Zhang LY, Wu G. 2011a. Photosynthesis, light-
use efﬁciency and water-use efﬁciency for woody species in the 
hilly area of the Taihang Mountains. J Zhejiang For Coll 2: 
180–186 (in Chinese with an English abstract). 
Li ZY, Dong Q, Albright T, Guo QF. 2011b. Natural and human 
dimensions of a quasi-wild species: The case of Kudzu. Biol 
Invasions 13: 2167–2179. 
Liira J, Kohv K. 2010. Stand characteristics and biodiversity 
indicators along the productivity gradient in boreal forests: 
Deﬁning a critical set of indicators for the monitoring of habitat 
nature quality. Plant Biosyst 144: 211–220. 
Liu QR, Yu M, Zhou YL. 2002. A preliminary study on the 
invasive plants in Beijing. J Beijing Norm Univ (Nat Sci) 38: 
399–404 (in Chinese with an English abstract). 
Low T. 2012. Australian acacias: Weeds or useful trees? Biol 
Invasions 14: 2217–2227. 
Lowe S, Browne M, Boudjelas S, Poorter MD. 2004. 100 of the 
world’s worst invasive alien species: A selection from the global 
invasive species database. The invasive species specialist group 
(ISSG) a specialist group of the species survival commission 
(SSC) of the World conservation union (IUCN); [cited 2012 
October 18]. Available: http://www.issg.org/pdf/publications/ 
worst_100/english_100_worst.pdf 
Mack RN, Simberloff D, Lonsdale WM, Evans H, Clout M, 
Bazzaz FA. 2000. Biotic invasions: Causes, epidemiology, 
global consequences, and control. Ecol Appl 10: 689–710. 
Magnussen S, Smith B, Uribe AS. 2007. National forest 
inventories in North America for monitoring forest tree species 
diversity. Plant Biosyst 141: 113–122. 
Marshall NA, Friedel MH, Van Klinken RD, Grice AC. 2011. 
Considering the social dimension of invasive species: The case 
of buffel grass. Environ Sci Policy 14: 327–338. 
Martellos S, Attorre F, De Felici S, Cesaroni D, Sbordoni V, 
Blasi C, Nimis PL. 2011. Plant sciences and the Italian 
National Biodiversity Network. Plant Biosyst 145(4): 
758–761. 
McNeely JA, Mooney HA, Neville LE, Schei P, Waage JK. 2001. 
A global strategy on invasive exotic species. Switzerland, IUCN 
Gland: Elsevier. pp. 1–46. 
Minissale P, Sciandrello S. 2013. A relic wood of Juniperus 
turbinata Guss. (Cupressaceae) in Sicily: Structural and 
ecological features, conservation perspectives. Plant Biosyst 
147: 145–157. 
Palombo C, Chirici G, Marchetti M. 2013. Is land abandonment 
affecting forest dynamics at high elevation in Mediterranean 
mountains more than climate change? Plant Biosyst 147: 1–11. 
Pan H, Xue ZR, Chen GR. 2006. Whether or not the Sonneratia 
apetala B. Ham plantation caused biological invasion in Jiulong 
river estuary. Wetl Sci Manag 2(2): 51–55 (in Chinese with an 
English abstract). 
Pan ZG, You YT. 1994. Growing exotic trees in china. Beijing: 
Beijing Science & Technology Press. 
Peterson AT, Soberon J. 2012. Integrating fundamental concepts 
of ecology, biogeography, and sampling into effective ecological 
niche modeling and species distribution modeling. Plant 
Biosyst 146: 789–796. 
Pheloung PC, Williams PA, Halloy SR. 1999. A weed risk 
assessment model for use as a biosecurity tool evaluating plant 
introductions. J Environ Manag 57: 239–251. 
Randall JM, Morse LE, Benton N, Hiebert R, Lu S, Killeffer T. 
2008. The invasive species assessment protocol: A tool for 
creating regional and national lists of invasive nonnative plants 
that negatively impact biodiversity. Invasive Plant Sci Manag 1: 
36–49. 
Reichard SH, Hamilton CW. 1997. Predicting invasions of woody 
plants introduced into North America. Conserv Biol 11: 
193–203. 
Roberts W, Harrod O, Mitterdorfer B, Pheloung P. 2011. 
Regulating invasive plants and use of weed risk assessments. 
Curr Opin Environ Sustain 3: 60–65. 
Rodewald AD. 2012. Spreading messages about invasives. Divers 
Distrib 18: 97–99. 
Russell JC. 2012. Do invasive species cause damages? Yes. 
BioScience 62(3): 217–225. 
Schmutz KD. 2011. Determining non-invasiveness in ornamental 
plants to build green lists. J Appl Ecol 48: 1374–1380. 
Simberloff D. 2003. Confronting introduced species: A form of 
xenophobia? Biol Invasions 5: 179–192. 
Simberloff D. 2006. Risk assessments, blacklists, and white lists for 
introduced species: Are predictions good enough to be useful? 
Agric Resour Econ Rev 35(1): 1–10. 
Simberloff D. 2011. Kudzu. In: Simberloff D, Rejma´nek D, 
editors. Encyclopedia of biological invasions. Berkeley, CA: 
University of California Press. pp. 396–399. 
Smith CS, Lonsdale WM, Fortune J. 1999. When to ignore advice: 
Invasion predictions and decision theory. Biol Invasions 1: 
89–96. 
D
ow
nl
oa
de
d 
by
 [Y
an
tai
 In
sti
tut
e o
f C
oa
sta
l Z
on
e R
es
ea
rch
,C
hin
es
e A
ca
de
my
 of
 Sc
ien
ce
s] 
at 
01
:01
 19
 M
arc
h 2
01
4 
1174 G. M. Wang et al. 
Spanjol Z, Hrsak V, Barcic D, Ancic M, Dubravac T, Rosavec R, 
Orsanic M. 2009. Pine reforestation of degraded sites on the 
island of Rab, Croatia. Plant Biosyst 143: 482–495. 
Stanturf JA, Madsen P. 2002. Restoration concepts for temperate 
and boreal forests of North America and Western Europe. 
Plant Biosyst 136: 143–158. 
Starﬁnger U, Kowarik I, Rode M, Schepker H. 2003. From 
desirable ornamental plant to pest to accepted addition to the 
ﬂora? – The perception of an alien tree species through the 
centuries. Biol Invasions 5: 323–335. 
State Forestry Administration of China. 2011. Technical codes for 
invasion risk assessment of exotic tree species to natural 
ecosystem, forestry industry standard of China. LY/T 1960– 
2011. (in Chinese). 
Sun TX. 2008. Studies on invasion biology of Rhus typhina 
[dissertation]. Shandong Agricultural University (in Chinese 
with an English abstract). 
The PLANTS Database [Internet]. 2012. USDA, NRCS. 2012; 
[cited 2012 October 18]. Available from: http://plants.usda.gov 
Uva RR, Neal JC, DiTomaso JM. 1997. Weeds of the Northeast. 
London: Comstock Publishing Associates. 
Wan FH, Guo J, Zhang F. 2009. Research on biological invasions 
in China. Beijing: Science Press (in Chinese). 
Wang GM, Jiang GM, Yu SL, Li YH, Liu H. 2008. Invasion 
possibility and potential effects of Rhus typhina on Beijing 
Municipality. J Intergr Plant Biol 50: 522–530. 
Wang HF, Lo´pez-Pujo J, Meyerson LA, Qiu JX, Wang XK, 
Ouyang ZY. 2011. Biological invasions in rapidly urbanizing 
areas: A case study of Beijing, China. Biodivers Conserv 
20(11): 2483–2509. 
Wang L, Wang SP, Shao HB, Wu YJ, Wang QJ. 2012a. Simulated 
water balance of forest and farmland in the hill and gully region 
of the Loess Plateau in China. Plant Biosyst 146: 226–243. 
Wang L, Mu Y, Zhang QF, Jia ZK. 2012b. Effects of vegetation 
restoration on soil physical properties in the wind-water erosion 
region of the Northern Loess Plateau of China. Clean Soil Air 
Water 40(1): 7–15. 
Wang Q, An SQ, Ma ZJ, Zhao B, Chen JK, LI B. 2006. Invasive 
Spartina alterniﬂora: Biology, ecology and management. Acta 
Phytotaxon Sin 44(5): 559–588 (in Chinese with an English 
abstract). 
Weber E, Gut D. 2004. Assessing the risk of potentially invasive 
plant species in central Europe. J Nat Conserv 12: 171–179. 
Weber E, Sun SG, Li B. 2008. Invasive alien plants in China: 
Diversity and ecological insights. Biol Invasions 10: 
1411–1429. 
Wu CH, Zhai MP, Wang C. 2007. Preliminary study on control 
and prevention from Rhus typhina. Forest Invent Plan 32(6): 
25–28 (in Chinese with an English abstract). 
Xu HG, Qiang S. 2011. China’s invasive alien species. Beijing: 
Science Press (in Chinese). 
Xu JT, Tao R, Xu ZG. 2004. Sloping land conversion program: 
Cost-effectiveness, structured effect and economic sustain-
ability. China Econ Q 4(1): 139–162. 
Xu  JT, Yin  RS, Li Z, Liu  C.  2006. China’s  ecological  
rehabilitation: Unprecedented efforts, dramatic impacts, and 
requisite policies. Ecol Econ 57: 595–607. 
Yeh ET. 2009. Greening western China: A critical view. Geoforum 
40: 884–894. 
Zedda L, Cogoni A, Flore F, Brundu G. 2010. Impacts of alien 
plants and man-made disturbance on soil-growing bryophyte 
and lichen diversity in coastal areas of Sardinia (Italy). Plant 
Biosyst 144: 547–562. 
Zhan CX, Yuan JY, Lin JB, Song W. 2011. The growth 
performance and ecological adaptability of Rhus typhina in 
Linyi district, Shandong province. Prac For Technol (6): 
23–24 (in Chinese). 
Zhang CH, Zheng YQ. 2008. Indicators for assessing the invasion 
risk of alien woody plant to natural ecosystem. Cient Sliv Sin 
44(10): 88–93 (in Chinese with an English abstract). 
Zhang CH, Zheng YQ, Li JL, Yan HP, Wang L. 2005. Dispersal of 
Staghorn Sumac in Beijing areas. Acta Ecol Sin 25: 978–985 
(in Chinese with an English abstract). 
Zhang MR. 2005. The mechanisms of the vegetation restoration 
and the reconstruction model in the hilly area of Taihang 
Mountains [dissertation]. Beijing Forestry University 
(in Chinese with an English abstract). 
Zhang MR, Zhai MP, Jia LM, Shen YB, Wang XY. 2004. A study 
on the characteristics of the growth and the biomass of clonal 
ramets in Rhus typhina. Cient Sliv Sin 40(3): 39–45 
(in Chinese with English abstract). 
Zhang SG, Xiao WE, Jiang ZP. 2002. Sustainable forest 
management in China; the basic principles and practices. 
Plant Biosyst 136: 159–165. 
Zhang ZJ, Jiang CD, Zhang JZ, Zhang HJ, Shi L. 2009. 
Ecophysiological evaluation of the potential invasiveness of 
Rhus typhina in its non-native habitats. Tree Physiol 29(11): 
1307–1316. 
Zheng	 QL. 2004. Staghorn Sumac: A new invasive species. 
Science and Technology Daily, 7 February 2004 (in Chinese). 
D
ow
nl
oa
de
d 
by
 [Y
an
tai
 In
sti
tut
e o
f C
oa
sta
l Z
on
e R
es
ea
rch
,C
hin
es
e A
ca
de
my
 of
 Sc
ien
ce
s] 
at 
01
:01
 19
 M
arc
h 2
01
4 
